Abstract. Several atmospheric monitoring instruments have been installed at the H.E.S.S. gammaray observatory in Namibia. Firstly, Heitronics KT19 infrared radiometers, aligned paraxially with the H.E.S.S. telescopes, measure the infrared radiation of the water molecules. These allow us to detect clouds crossing the telescopes' field of view and to estimate the humidity present in the atmosphere. For a general estimate of the atmosphere's transmittance, i.e. the detection of any lightattenuating aerosols, a ceilometer, which is a LIDAR with built-in atmospheric data reduction code, is being used. It will be complemented soon by an instrument which will measure the transmissivity of the atmosphere at different wavelengths up to 500m above the ground. The overall status of the weather is monitored by a fully automated weatherstation. This paper describes the setup, the data analysis and how this will be used in order to improve the knowledge of the telescopes' effective collection area.
INTRODUCTION
The light extinction in the atmosphere plays an important role in ground-based γ-ray astronomy [1] . As for all ground based high energy γ-ray telescopes, the γ-ray effective collection area of the H.E.S.S. array is calculated using simulations of air shower development, of the generation and propagation of Cherenkov light and of the array itself. The main causes of extinction of Cherenkov light in the atmosphere are absorption and Rayleigh scattering by molecules, and Mie scattering by aerosols. The H.E.S.S. photomultiplier tubes and mirrors are sensitive to light between 250 and 700 nm. In this range the only light absorbing molecule is ozone, but the most significant loss of Cherenkov light in the case of a clear sky is caused by Rayleigh scattering off all atmospheric molecules dominant at lower wavelengths due to its λ £ 4 dependence, and Mie scattering off aerosols which becomes dominant above approximately 400 nm [2] .
We aim to implement atmospheric measurements into the calculation of the γ-ray effective collection area following the logic of the flowchart shown on Fig. 1 . We are collecting data from the atmospheric monitoring instruments already installed on site, namely, an automated weather station, a ceilometer, and infrared radiometers. We are also testing a custom built transmissometer which should join them in the near future. All the atmospheric monitoring instruments are driven and readout via the H.E.S.S. general data acquisition software (DAQ), and their data are written into both daily and run specific files. Correlations between the array's trigger rate and atmospheric parameters are looked for; particularly promising in this respect is the backscatter measured by the ceilometer. We have put together the different components of a simulation tool (CORSIKA, MODTRAN and SIM_HESSARRAY) and are using it to study the impact of the altitude of the aerosol layers upper boundary. To parametrize the atmosphere, we use the standard tropical atmosphere model to describe its structure and vary the location of aerosol populations with MODTRAN. We then produce optical depth tables as a function of Cherenkov wavelength and altitude of emission and apply these to shower output derived from CORSIKA. We also aim to determine the nature of the aerosol populations and use it to refine our atmospheric model. Preliminary results show that, below 100 GeV, an unusually 1 high aerosol density in the atmosphere can lead to a decrease of up to a factor of ¤ 4 in the effective collection area and to a bias in the energy reconstruction of up to a factor of ¤ 2. These effects decrease as the energy increases. They will be described in more details in a future paper.
INSTRUMENTS
This section describes the instruments used to sense the atmosphere at the H.E.S.S. observatory: the automated weather station, the ceilometer (see Fig. 2 ), the transmissometer and the radiometers. 
Automated weather station
A weather station records air temperature, relative humidity, atmospheric pressure, wind speed, wind direction and rainfall 24 hours a day. The data acquisition is integrated in the standard DAQ scheme for the camera data and therefore allows efficient crosschecking of atmospheric conditions and camera data.
Ceilometer
The ceilometer, a VAISALA CT25K, is a commercial LIDAR with a built-in atmospheric data reduction code. It measures the backscatter at 905 nm up to a height of 7.5 km, showing any aerosol layer and detailing its structure. It has been mounted on a pan and tilt head in order to track the telescopes' orientation when observations are being carried out. Fig. 3 shows that the backscattered light of the LIDAR can vary significantly from night to night. However, calculating the optical depth profile of the atmosphere according to [3] is problematic due to low signal/noise ratio at high altitude.The measurements from this instrument will soon be enhanced by those made by the transmissometer.
Transmissometer
A fully automated multi-wavelength transmissometer has been built and is currently being tested in Durham, UK. It will measure the transmissivity of the atmosphere at four wavelenghts (390, 455, 505 and 910 nm) between the top of the Gamsberg mountain (2350 m a.s.l) and the H.E.S.S. array site (1800 m a.s.l., 30 km from the Gamsberg) (see Table 1 and Fig. 4 ). It will measure directly the relevant property of the atmosphere (its transmissivity), at the altitude where its density is the highest and where most aerosols are expected. The choice of these 4 wavelengths will allow interesting cross calibrations with the ceilometer, and will also improve the data interpretation of the latter concerning the optical depth profile of the atmosphere to Cherenkov light. The instrument includes a light source module and a light receiver module, based on an innovative design. The light source is built around state-of-the-art high brightness LEDs and collimating optics, installed in a commercial CCTV camera enclosure. Its electronic circuit features numerous self monitoring features and is powered by a battery and a solar panel to ensure the complete autonomy needed for the remote area in which it is to be installed. The receiver module is built around a 200 mm Newtonian telescope and a CCD camera sensitive to the broad range of wavelengths being used. Both modules communicate using a radio modem.
Radiometers
The Heitronics KT19.82A Mark II is a radiometer designed for measuring the infrared radiation in the transmission window between 8 and 14 µm [4]. We use it to measure the infrared radiation from the sky in its field of view of 2¥ 9 ¦ . By comparing the observed quantity to a blackbody spectrum, the radiometer then calculates the radiative temperature of the sky. It has been shown [5] that the measured sky temperature is very sensitive to the presence of clouds and water vapour which is crucial for determining the cause of a variation in the count rate of an imaging atmospheric Cherenkov telescope. Although clouds are not significantly warmer than the surrounding atmosphere, they are more effective emitters of blackbody radiation than the atmosphere in this wavelength range. If there are no clouds, the temperature still can vary from night to night due to relative humidity and temperature changes which may induce ice crystallisation on aerosols and therefore change the scattering phase function of Mie scattering. All four telescopes of H.E.S.S Phase 1 are presently operational and on each of them a radiometer is installed par-axially. Fig. 5 displays the telescope's cosmic ray count rate and the temperature measured by the radiometer versus time. It shows the detection of the clearance of the sky after a cloudy period. Additionally, the parametrization of the zenith angle dependence of the radiometer measurement can in principle provide, following [6] , an estimate of the water vapour content of the atmosphere.
CONCLUSION
The H.E.S.S. observatory is well equipped to study and quantify the effects of the atmosphere in its collection area and energy resolution. Studies of the data provided by the instruments already installed are under way, look promising and show that useful work can be done with a relatively inexpensive commercial LIDAR. A multi-wavelength transmissometer is due to be installed soon. The ultimate will be to upgrade the LIDAR to a multi-wavelength, long range instrument working in the Cherenkov spectrum.
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